
5-GIIz  V],]]] lmagjng  of {*1Ic (;ravita{ional  lmns 1’1<S 1 8 3 0 - 2 1 1

I)aytoll 1). ,1011(%1

,Ict l’Io]JulsioIl  l,alwIatoIy, (klifor)lia l]lstii uic of ‘1’cclIIIolog.y, 1’asadGIIa, C A ,  lJSA

Al)s(ract
‘1’IIc S(IW Ig ra(] io s(jII m 1’KS 1830211 co]lsisls of two c(IIIIj)aci  coIII]w IIcIIts 10 C[I1U1
011 ()])] )()sitc  sides of R faititcr ri]lg  of rndio (]rlissio]l  1 arcs(w)]Id  ill dia]])clcr. 11 is tlIc
stro]Ig;(xt  radio s o u r c e  idcllti[ir(] ss R gravit:ltiollnl lmIs. l’rcvious ol)scrvatiol)s”  lIavc
SIIOWII t,l Iat lK)tl I coIIIlmcl  COIII]ImIr  IIt S co]llaili ]Ilillifil(:scco] l(l-sc:llc S t r u c t u r e . ‘1’l]is
l)a])cr  ]) KWIItS 5 (;1 IZ \~l,lll illlagcs of l)otll  coIII])oIIclIts  lIIa(lc  at two cl)oclIs  sc])artitcd
l)y al)OIIl 1 ymr. Sip,l)ificall(  cl IaIIp,cs ill III(Irj)l,(~logy  arc (lct(cld, wllicll fire II()( identical
ill tlIc tww CO II II) OIICII(S. ‘Illis could result fro]]l difl”i:rcllt  ])ro])agat ion dc]ays  alolIg  tile
])allIs froIII tlI( l)ac!i$IY)(III(l soIIIcc to tlIc t}yo coIII]):Ict  i]lia~cs  w sec. ‘J’lIc  uscfllllIcws
of this SOIIIW for  cos II Iology is I)ricfly (liscusw(l.

J  IMrodud ion

‘1’JIc 1 [)-.ly radio mu K(,

ltao :111(1 Slll)l”alllll allyall

1’1<S 1830-211 w a s  first su~f+cslcd to II(’ a  gl?llit:ltio]l:ll lclIs l)y

( 1  988). MOIV rmIIIt VIA aIId MII}I{l,IN olxwwatio]ls lIavc SIIOWH

tjllis sollwc  t o  IN a lmIltif’ul (’Xil?ll])lC  ofal I l~itwl(’ill Iillp,gl:]\jt211io]):)l 1(!11s (,lallliccy c1 (//

1{){) 1). ‘I’llcextla~:lla  ct,i( ll~t,lll’(’ oi’l’]<s “1830 Yll, ;lsitlr(’1’1”(’(1  l)y Jaull((y (’t (/1. (Iwl),llas

l)(wII co]lfirl]lc(l I)y 111 almrj)lioli  JII(I:ISIII(lrI( ’IItS (S(lt)l:tlllii/lttj’2ili, l<(v+t(~vcII,  aII(l  Lc l,illlcl

llClil<(’1’t  1992).

A  ])aitof’l)ri~lli colll]):]ctf(  tlt~llcsiss(~c~tl  C)II ()])l)(}sitcsi(l(sc)flll(~ rirl~, attd  amklievd
10 Iw tmI() iltlap;(:s  of a ]mltioll of tll(l lmcl<gI(j(IIId  SO UIC(I. ‘1’11(’s(! two (’Olll})a(t (“olll])oll(’ll  t$+”

lIavc IWCII OIWIV(XI  witlI V1, I] I ill Ausitalia  A( 0.84,  2.3 aII(l  8.4 C;lIX,  aIId  I)y sul)sc{s  of
(11(’ \/l,llA at, l.(i aII(l  22 (Jllz. III a(l(litiolll twI() glolml (\~l,l)A -[ lI; \7N) (’xj)(’ritl}vtlts WCI(J

Cill’1’i(’(1 ollt ill 19!)() alI(l 19{)1 a l  5 C;lIZ. ‘J’llis  ]m]wr w i l t  coIIc(:lIiratc  olI m+ultjs  fmltl tll(’

5  (Jllz Olx+rlvatiolls. l’wlilllillary Iwults lv(I(’ ])wwlIt(d ill 1992 (.lolI(’s (/ (I1. 1 { ) 9 3 ) ,  but

furtll(’r :ill;ll~rsisofllle{lata  IIasrrsultc(]  itl sip, tlifica])lly Iligll(’](lylla]tii{ lallg(’iltlap;(’ssitlc(’

tllattilil(:. l)(lclot ll(Jllip;  1](:1{11  l:klityiltl  ap, ~sll(JJ~al':l ilal)l(~, itisswll that tlI(’ IIIol})lIolc)~;jJof

I)oill {'()lll])a('tc ()lI)])c)ll("llt,sl  l:lscll2lllg('(l Iwtw’(’(’11  tll(Jt\ \’c)[)( ;llzc:j)oclls. ‘J’lIc earlier illlag(w

liad SIIOWII c)l)~i(](ls(ll:tllgcsollly ill tlIc N1’lc(~lII])olIulIi.

2 Olmervat,ions  and l)a{a A n a l y s i s

‘J’11(1  first 5 ({llz  \~ljlll c})oclI  1!’:1s 15 Novclrllwl  1 9 { ) ( ) ,  slid 111(’ Wcolld c~xKII lviis  al)J)mx-

ilt]akly 10 II IOIIil IS latcJI 011 21 S(’l)kIIIlwI 1991. ‘1’d})l(, 1 011 tlI(I fo]lowillg ])ap,e lisis III(!

2111tcIIIIas wllicll olwrvd  during eaclt vjm(lI.

]{a])id ViSil~i]ity  ~W~till~  dllc 10 t]l(’ W’id(’ SC])~l’~~ioll of tll C l\\rO Colll])d(’1  COlll])oll(’lltS

ill 1 ’1<S 1830-211 ])wvcllt(d frillpy (Irtwtiorl 011 tl:ills-Atl:illtic aIId  t, IaIIs-l]., S. lms(~lillcs.

‘iii Collill)O1’atiOll  \villl tlI(, Soll(lIcrll IIc][lisl)llclc  VJ,l II l,;xj)clilll(]lt  (S II I’;VJ;) tcatII. l’lcsto]I  {/ 0/. (I{ I! K{)
lis(s tlIc 34 c[rITcIIt IIICI(IIICIS of tl,is  cc)ll:ll)ot[,ti(,l,.



‘J’;II)lc 1: AIItCIIIIa S l’altici])?lt,  itlp; ill 5 (lIIz V],])] l“x]){’liltl(llts

1’;]) [)( ’11 AIItCIIIIaS”

] (){)() s 11 w J2 N() 1, 1< (: ‘l’] l’t’ la o
]{)g] s  11 w J2 No 1<11 (:1) Ii (; K]) 1’1

Not(s: “ ‘JTIIC aIIt(JIIna  al)l)l(’~’iati(~lls aI(I  III(M of tlI( 1 1 . S .  aIId lI;u K) IwaJI Vl,]ll Ilctwo]k

c)lmrvill~ scl I(I(lulw.

‘J’IIus,  tlI(I cfl’wt,iv(’  lIutIIlwI of Ims(’lill(’s w a s  collsideral~ly 1(%s tlIa]I illl])li(d })y tll(’ lIu TrIlwl

of allt(’llll as. ‘J’11(1  s(mII(l e]xwl I (19{)1 ) j)mvi(lwl ]Ilorc (Iata (111(1  to iltll)mvd I)(JIfc)lIII:IIIc(:  of

wvcral aIIt PIIIIa S, IIIOW SIIOI() Ims(’litles,  aIId aII illcrcasc ill tlir source f lux  d(:llsity.

‘J’lI(J Lok- ]1 l(mr(litlg ~,ystc]l~  was USN], aII(l  all data WICW coIIclatvd  011 t\Ic ,]]’],/(la]twll

I\lo(”li  1 I ])1’(K{%SOI” ill l’aS~(lCll:i, IJrillg( filtitlg M’:IS ])(IfcIrIII(Yl ~~i(tt tlI(: Al I ’S twk (; A1,l II,

ali(l tlI(I wsultillg  visil)ilitics w’(IIcI tl’al Is f’(IIId to tllc (Ialtecll  J)21Cliil~(’ for (.alil)liltioll, (alit -

i]l~;, iIIId i]llag;itlx. l’;rrors werr ca lcu la ted fmttl tlIr scatter ill tllc 2-sm)IId visil)ilitics  during

col  Icr(,]It avvrap,i]lg of tJIIC data OVCI 1 () secoIIds. ‘J’11( visil)ility  atll])litudcs MI(IrC calil)ratcd

ill 111(’ II SIIal way I)awl 011 II I(+ISIII(I(l syst(’]11  1(’]]i])(wlt II I(IS aII(l  (so]tl(’tlittl(’s ]Io]]li]lal) sclisi-

Iivitjics of” tlIc aIIt(I]III  iIs.

011(1 cotll])licatioll  caused l)y tllc Viclcly-sl)ilc(’(1, IIwll’ly (!qllally Stl”o]lg  dolll)lc Stl’uctlll’c

of this soII I(c is lJII(~ lid for aII a(l(Iquat  c SCIII  KY TII(KICI for fri IIg(I fitti I IF; d u(: lo III(! fIwIu(,  IIt

1800 juIIIj)s ill ])1 Ias(’ 011 IIIOS1 I)as(’lillcs. l;a r]y  att(IIII 1)1s to us~ a (l(Ifaull  ])oillt sou ICC lIIodd

W(*IC IIOt v(~ry SIICC(YMU1,  l)ut, (IICY did allolv cIIOIIglI  (Iata to COIIV(:IP,C so tlIat a CIII(lC initial
IIlil]) o f  III(’ Solll’c{” could 1)(’ lllad(’. ‘1’tlc strollg(’st  f’c~w’ cl(’a iI cotrl}mllcllis frolll this ]IIa])

])wvi(l(xl aII a(l(Iq \Iate ill])ut lnodd f’ol fritlgc fittillp; t o  })mcc(d succ(wf’ully.

I)(llillg i]llap;i]lg, o]Ily visil)ilitics }vitlli]l 3 X IOTA of tlIc a]wt”turc  ])lalIc origil] wm(~ used.

IJollgcr sl)aci]lp,s  sufl’crcd  frolll low’ SNI{, alId tllc cxcl~lsio]]  o f  tllesc sj)aci]lgs also lIel]ml t o

111;1 k(’ tjll(’ (v, v) Cww!l”agc ?II[)I’(’ II llif(JI”Ill  bet W’(’(’11 t ]1(’ tu’()  epochs. 1 II Iagi  IIg w’;ts carried out

wit,llill tlI(I (Iifl’cwllcc lna])})itlg ])mp,ial II IIif’llla]). S(Iv(Ial  il(:ratiolls of l)lIasc  s(jlf-c:ilil)latjioll
W(lI(j f[)llow(l(l ljy l)]I~sc  ~IIC] all)])]j(,(l(l(~ s(~lf-calil)liltiotl v’itll (I(xr(’asi]lg solution s]ilootllitlg

titl)(~s.  111  tllc (’arly iteratiollsl wlI(llI tile III(xI(II  a(colIIIl(Id for less Jlux (I(ttlsity tllall s(IelI ()]I

tlI(I slloltc)r l)as(>lill(w,  tlI(L snort I)as(’liliw IVCI(I cxclu(l(I(l fmlll tll(’ sf~lf-c:ilil)]atic)ll solut)io]ls.

‘1’llis  collstraitlt  was mlaxcd as tlI(I il]])ut lIIodcl flux (Itllsity a])l)r(mclId that of tlIc slIolt(:st

Ims(litl(>s.  l’;vc]ltually  tlIc fit of tlIr source II Iodrl to tlIc s(~lf-(::llil)]:lt(’(1  dat a adlicvcd Id lid

# Vdl U(’S 1(%S t]l?lll Illlit~ fCJI’ t)d ]1 C] KK]IS, suggmtilig tlIal tltc visil)ilit,y e r r o r s  lrl~iy lx’

()\’c](’stitll:lt{’{1.

lIIIagc siws of 1024 x 1024 ])ixcls aII(l  2048 x 2048 ])ixcls WQMI I]SUI for lmtll CI)OCIIS, wit]]
])ixel siy,es  of 1.7 II121S  alI(l 1 .() lIIW ws]wct,  ively. N() sip,llificallt diflrrc]lccs Imultd fro]]) tlIc

di[l’crc]lt, ]IIa I) siz(ls. III all casm  u]iifor]i) wei.g;]ltitlg  }vas a])j)liwl duri]lg tlIr IJouri(’r  illv(’rsio]ls.

‘J’iglltl  willdowitl~  w a s  a])jdid aIoul Id 111(1  Iw() c.o]IIl)act  coIIIl)OII(IIts durill:; (locolll~c)ll]lio]],”

until tllc fi]lal s t a g e  o f  ]na])])illp; WIICII IIIC full IIIa]) aIca  was clcal IN1. IVindowillg  vitllill

1 )ifltla])  ill] j)rovr(l  tlI(I ittitial  sjmd of’ ((J] Iv(Irg(’IIce  Ijctw((ll  tlI(’ it]ta:;(’  altd s(:lf-c:]lit~l?]t{cl  (Iata

~lt:ll[iiiii~:ill~. All N]ual!y illl]mrtall( fratuw  of l)ifltlal) was its easy  interactive data ditillg,

wllicll ]Iladc Illis u s u a l l y  lalmrious task ]IIucl I fastcl  atI(l  (II I(ouIa~(Id fr(x]uctlt (Ixaltlillatioll



of lIIQ data af’tcr s(>lf-(alil)lzitioll il(’ratiolls.

3  Ik!su]ts

IJiglll”(’  I  IWlow  Sllmvs tllc full ii(’ld of’ vim’ Hla])])(’d, illustratilig tile Vcly lar~(’ allgulal
S(IIHI Ial,iott  of III(! t IV() COIII j)acl, (“())II])()II(IIIk ill L)lis sou lw.
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l“ip;llw I : VVi(](: f i e l d  (011(’ :IY(WT S(111?1]’(’ ) IIIiI]J  d 1 ’1{S 18302J  1 at 5 t;llz. ‘J’IIc r(wt(jlillg

l)ra III l~\VlllVl is 9.8 X4.9 IIIa S witlI tlIc IIIajCJI ilxis alc)II~ ]msilioll aIIglc 20.2  (I(J:;IHIs. (k) IItou I

al’(’ at, - I , 1 ,  2, 4, 8, 16, 32, 64, :111(1  9!)% Oftllc ]Wak ((;10 lll,ly/lwalII).
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S W  colIl])onclIt  in 1 !391Sw C. Ompomd

Ill all foul’ of tll(’ illlagcs slIowII iII jiguw 2, tlIc saln(’  SUlF{IC(I l)rigtlttlms  coutouls  lIavc

1)(’(’11  11s(’(1 (-12.[), -6.25, -3 .125,  3.12r),  6.2L, 12.5,  2{), 50,  100,  200,” 400 lllJy/1)(’alll).  III

a(l(litiol), a (011(0111” at, 99(X of tlI(> Ixal{ IJriglll IICSS wIas a(l(l(d to (Ia CII figuw (531 II IJy/l  WaIII



fol” 111(’ I 990 (’])[)(11 all(l (iMi  lllJy/lmlll for t’llc  I 991 C]) OCII). ‘1’11(’  rcstol’il]g  1)(’alll  IJWIIL4
w:ls ~~,,] x :).() III~IS wjt,]I  t]I(J 111~  j(j] ~xis  aloIIg I)(wit,io]l  al I~,lp 30.,5 d(’gl(’(%.

Not( tlIat tlI(I ]wak l~ri~lllll(vis i s  lM II  IJy/l  KIaIII  IIlgll(r  ill tlIc s(w]ld CIKKII.  ‘J’llis  i s

co]lsisl(>]ll witlll tjll(’  slnall i]lcmw ill 5 (;117, total Ilux (Icllsity (IX Imtcd fwll) all illt(’l])ol:]tioll”

of 2.3  all(l 8 .4  (;IIZ total flux de. tlsit)y C] I?ll IF;(IS  (s(’(’  Jaullwy (/ (//. 1993).  ‘1’11(~ N]’; (Olll])oll(’111

a])]wars (o h ms]mllsildc f(jl JIIOSt  (if IIOt al]) of this l)ri~,lltcllitlg.

];xiiltlitlatioll o f  tlIc i~llag(~s  ill fi~uw 2 MIv(als  sulxita)ltial cllal)g(~s ill Imt]l ill(~ Nl~; a]Id

s\4J Colll])act’  COlllj)oflc’llk. ‘J’llc Nl; COIIIIXHKIII1  s]tmw a ]J]u(II  ]OJIgcI ii]ld slm]lg(u  (’xt(’lisioll

10 tlI(I S1; ill 1991 t]lall ill 1990, and tile SV$T COtIIImlI(JIIt sIIOIVS a  lalgc illcwasc ill scl)aratioll

I)(’t W(wll tll(l I)rigllkst ])(’~li atl(l tll(:  s(’coll(lal~ f(’iltll  1’(’ k) t II(’ N \4’.  (’1’llis  SNX)lld211”  J’ f(’~tlll’(’

i s  too w e a k  to 1 ) ( I  sc(:]I  it) tll(’ ltla])s sllowll Ijy ,Iollcs ([ (/1. 1<1$)3.  ) 1“01” I)oth 111(’ N]’:  a n d  s\v
co II)]) c) II(’l Its tlI(’ ])ositio]l”  al Iglc l’rol II III(I I)rigllt(v+t  ])cali 10 tll(’ a])])  arel]tly  ]novil~g  fealllrc

i]l(’r(wws  (mu  tlt(’lclc)ck\~’is(’  mtatioll)  l)ctwc(III  1 W) a]l(l 1 W I .

‘1’11(~  selmratio]l  lwtJv(I(’11 tllc tllmc l)ri~lll (Jst fmat u 1(s ill t  11(’  N]’;  colll])ollclll”  (two  of

tlI(~III  I):\  tvly rcsolw(l)  did IIOt (lIa IIg(I l)y 11101”(’  tllall al)ollt  2 IIlas 1)(’twml  tll(! 1!)90 a n d

1991 (IIKKIIS.  ‘1’1!(! wlatiwly wwtk f’(Iatur( 18:1 2 ]ft:]s  S1’; of t II( l)rigl)tcst Imli in 1 9 9 0

dws ]iot :II)IW:II ill ilIc 19!)1 IIIaI), Illlt if tlIc I)]i:,lltrst }wak ill tlIc j e t - l i k e  feature  cxtclldillg,

Iowalxls  llIc S1’;  ill tll(! 19[)1 lIla]) is idcllli(id as tJII(I Saln(’ ‘(knot”  IIICII its a])]mIclIt  tIalIsvcrsc

/Ttlot,ioll  i s  23:1 3 IIIa S y(wr.

IJOI” 1 II(’ s\4~ COll)])oll(’llt ‘ I fmtuw with a ]mk 214  2 IIIaS  N\Y 0 1, Ill 1 w) \i’(’  SW a \\’(’ ii \
t ]1(~ I)lig,llt(,st Jwak. II) 1 9 9 1 ,  tlIcrc is  a  wJwik fwaturr with a }mk 48:1 2 ]ilas NW of tll(

l)ri~lll(~st Jwak. 1~ lIICWJ arc  Lhc salnc  f’(+ituw, tlI(I aI)pawJIt traTLsww  IIlotioll” i s  33:1 3

ttIas/ycJat.  ‘I’])(I  ittl])lid ln(jtio]l of tllc weak  f(’:tillws ill lmtll tll(! N]’, and s\J’17 Colllpollc’llts”  or

1’1<S J X30  ’211 is (~x IIetIi(Ily ral)icl, 1  l(nwwf, t II( olwnd IIloliol]” S(ICII 111 mup;lJ a l(~])s JIJaJ

Iw ]iiu(ll fastcI tjlIa II tllc true l)NINI II)()(ic)ll  laki]ig  ])la(’c  ill ilI(I l)ackgroIIII(l  radio s o u r c e ,

Alsc), of COUHW, it i s  110( ]mssil)lc  to dctcrti]itlc  aIIy I)IOIWI ]Ilot,io]l  ll]lallll)ip,~lc)~lslj  wit]l OIIly

tw’() q)o(”lls.

4 Conclusions

‘1’11(’ f’il(’t Illatj tlhc C.hallgcs S(’cll ill tlI(I t w o  co]ll]mct, cottllm]lo]lts

lx: (’x])lailld I)y a  (Iifl’c’r(’llcc  iii tllc ])ro]mgatio]l d(Ilay  aloIIg tllc

aw IIot i(lell tical colil(l

i,wo  li]les o f  sip;llt.  All

altC1’lliltiV(’ ]mssil)ility i s  t h a t  itlt(’rstellar  s(attclillg withitl our g;al:ixy  i s  m}x)llsil)lc for
sOIII(I of’ tlic olxwrvd cltaltgw ill lttolj)ll[)l[)~y. A  \~l,llA [Ixlwrilll(’l]t  ai 22 (Jllz, WIICW suclI

e[l ’vets sl)oul(l Iw 11(’gligil.)lc cvc]l  at tll(’ low [’,alil(’ti(’ laliludr of 1’1<S 1830-’211, is awaitill[~

(’ol’I’(}li ltioll.  ” ‘1’llis  exjx’rilll(~llt  w i l l  11(’1])  (1(’tcrlllin(’  if tlIc aIIgI;ular  size  o f  ttlc co]tl]mllc]lts

S(’iil(’S \vitll A2 as cx])(’ct(’(1  flolll scattcrillp,.

lksl)itc co]lti]lui]lg  (flouts  t o  ol)tai]) alI utlaltll)iguous ()})tical  i(lc]]tific:tlio]l  alI(l mlsllift

fo i l ’ l<S 1830211 ((.{l.,l ),iolp;c)irskycl(  ll. 199 Y;,JalllIc(’}’ (i ([1. l{)!) 2), tlI(*clol$’(le(l fi(’ld alI(l

o])tical fai]ll]lcss o f  III(I ol)jccij  lIavc II Ia(l(I lllis task (Iilliclllt. IVitllollt kllowitlp,  tllc (Iistallcc-+

to t$llc l(~tlsilig  galaxy 0] tlI(I lm(.kgroull(l r;i(lio s(juwe, tll(~ (l(~tailul ]IICKICIS dvvclu]m]  to
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